ABSTRACT. To evaluate soil water consumption, changes in quantity and quality of winter wheat seed and forage under different irrigation treatments, an experiment was conducted in Beijing,
INTRODUCTION
Drought constitutes one of the major environmental limitations to crop productivity (Soleymani & Shahrajabian, 2012; Shahrajabian et al., 2013) . Soleymani et al. (2011) reported that the nutritional value of wheat is extremely important, as it takes an important place among the few crop species, being extensively grown as staple food sources. Weighing lysimeters have a long history of development and different designs have been used, moreover agronomic applications of weighing lysimeters have been numerous (Green et al., 2013) . Weighing lysimeters are the most accurate and direct method, but they are both expensive and immobile, and some time poor representation of conditions outside the area (Unlu et al., 2010; Shahrajabian et al., 2017) . The scope for further irrigation development to meet food requirements in the coming years is, however, severely constrained by decreasing water resources. Amir et al. (2004) reported that protein content of wheat depends not only climatic factors, also on the fertilization, the nature of the soil and the amounts of water received during the filling and the maturation of the grains.
The objectives of this research were to study seed yield and quality of winter wheat forage and seed qualitative characteristics, and soil water consumption trends in each season for each lysimeter in Xiaotangshang, Beijing, China.
MATERIALS AND METHODS
The weighing lysimeter system is located in National Precision Agriculture Demonstration Station in Xiaotangshang   Town of Beijing (40   o   10 ' N, 116 o 27 ' E). The system was consisted of 24 lysimeters with 1.0 m*0.75 m*2.3 m (L*W*H). The machine structure of the lysimeter was counter-balanced and the schematic diagram of the lysimeter is shown in Fig.  1 
RESULTS AND DISCUSSION
The effect of irrigation on total biological yield, grain yield and harvest index is significant. However, phosphorous percentage, potassium percentage, ash percentage and protein percentage of forage wheat at flowering stage, seed phosphorus, seed potassium and seed protein percentage were not meaningfully affected by irrigation treatment ( Table 1) . The higher total biological yield was related to I3 (19.35 t/ha) than those of other treatments. I3 had meaningful differences with I1 and I2, but its difference with I4 was not significant. The lowest total biological yield was achieved in I4 (16.29 t/ha). A common adverse effect of water stress on crop plants is the reduction dry biomass production (Farooq et al., 2009) . The maximum and the minimum grain yield was obtained for I4 (4.87 t/ha) and I1 (2.87 t/ha), respectively. There were not any significant differences between I1 and I2, and I3 and I4, but both I3 and I4 had significant differences with I1 and I2. Water deficiency during the critical period results in poor growth and low yield. The highest harvest index was achieved in I4 (31.92%), followed by I3 (26.91%), I2 (25.14%), and I1 (20.58%). I1 had no significant difference with I2 and I3, but its difference with I4 was meaningful. The highest phosphorus percentage of winter wheat as a forage at flowering stage was I2 (0.26%), which had no significant differences with other irrigation treatments. I4 had obtained the maximum potassium percentage, and its difference with other treatments were not meaningful. The highest and the lowest ash percentage, which was 5.59% and 4.67%, related to I4 and I2, respectively. There were not any significant differences among treatments. The higher protein percentage was obtained by I3 (10.11%), followed by I2, I1 and I4, respectively. No meaningful differences were found among irrigation treatments (Fig. 1) . Li et al. (2003) (Fig. 1) ( Table 2 ). The highest straw yield was achieved in I3 (14.50 t/ha), which had significant difference with other treatments. Although, the lowest straw yield was related to I2 (9.95 t/ha), its difference with other treatments were not meaningful. Straw yield in I1 and I4 was 11.53 t/ha, and 11.52 t/ha, respectively ( (Fig. 1) Fig. 4 . Growth characteristics and the environmental conditions of crop influence on evapotranspiration and also with the progress in plant growth, water consumption changes. but it had no significant differences with I4. With the increases of irrigation amount and frequency, the dry matter accumulated in vegetative organs before anthesis is distributed to grain in smaller amount and lower rate, and its contribution to grain yield is decreased. The highest mean soil water consumption in Oct., Nov., Dec., Jan., Feb., Mar., April and May was obtained for lysimeter 10 (I2) (502.0443 kg), lysimeter 10 (I2) (512.2649 kg), lysimeter 6 (I2) (536.9783 kg), lysimeter 10 (I2) (566.9811 kg), lysimeter 10 (I2) (564.8478 kg), lysimeter 10 (I2) (558.7015 kg), lysimeter 11 (I3) (301.6719 kg), and lysimeter 10 (I2) (488.68 kg), respectively.
The results from the study indicate that irrigation winter wheat throughout the booting stage and flowering stage increased grain yield, harvest index, potassium percentage, ash percentage of forage wheat at flowering stage, seed and forage protein percentage. Therefore, it can be concluded that it is important to irrigate winter wheat throughout the booting stage and flowering stage in order to achieve higher yield.
